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On Trajectory Determination Strategy for
Soft Landing of CE-3 on the Moon
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Abstract: A method based on B spline approximation is proposed for determination of the landing trajectory of CE-3
(Chang’e-3) probe on the moon based on the feature of frequent maneuvers of the probe in the boosted descending
arc and, particularly, during the hovering and obstacle-avoidance period. Simulation shows that the method gives a
higher precision result compared with the method based on polynomial function fitting in the relatively smooth arc in
the boosted descending period and it is significantly better in the arc with frequent maneuvers. Computation results
indicate that the adding of VLBI (Very Long Baseline Interferometry) data effectively increases the accuracy in de-
termination of the moon-landing trajectory. The position accuracy is better than 50 m after joint trajectory determi-
nation without systematic error. The impact of the systematic error of three-way measurement on trajectory determi-
nation is also analyzed. Finally, the method is tested with data from the CE-3 mission. Compared with the computed
location of the lander, the position accuracy at the end point of the boosted descending period is less than 200 m.
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Fig. 1 Illustration of soft landing of CE-3 on the moon
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Tab.1 Results of B spline approximation and polynomial function fitting (first 420 s with range and Doppler data)

W i & RMS/m _ W JE RMS/(m/s) _

R T N Bt R T N Bt
Iy By 22 15 78.4 51.9 36.3 100. 8 0.531 1.002 1. 266 1.670
TRy Z2 T R 82.4 98.1 72.1 146.9 1.376 2.705 4,002 5.022
BHES 10 55 78.7 43.7 29.3 94. 6 0. 849 0.608 0. 852 1.347
BHESE 20 5 5 68. 4 44,1 29.5 86. 6 1.734 0.624 1. 601 2.437
BRES 30 A 63.4 40. 1 29.6 80. 7 2.251 0. 826 1.777 2.984
B LS 40 F5 5 70.9 48. 8 29.9 91.3 2.588 1. 056 2.498 3. 784
B RS 50 45 A 75.7 37.4 33.3 90. 8 1. 838 1.168 1.702 2.763

RMS—Root Mean Square, #7512
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Fig. 2 Post-fitting range and range rate residuals
(first 420 s, P=30)
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Fig. 3 VLBI+ 3-way measurement vs GNC trajectory
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Tab.2 Results of B spline approximation of last 224 s with range and Doppler data

fii % RMS/m W RMS/ (m/s)

FE IR WG
R T N St R T N it
5 5 187. 4 199.9 346.5 441.7 13.045 24. 495 14.508 31. 316
10 % 45 30.7 38.5 21.5 53.8 1. 940 1.692 1. 607 3.035
15 F 4 18.5 25.5 36.0 47.8 1. 904 1. 964 1. 305 3.031
20 i 14.4 29.3 23.5 10. 2 1.571 1.256 1.313 2. 402
25 A5 5 14.9 36.5 32.2 50.9 1. 966 1.121 1. 560 2.748
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Tab.3 Post-fitting residuals
SE oL 5 M EE 5L 22 /m W HFL 22/ (m/s)
5 A 29.03 2.69
10 75 45 3.52 0.51
15 95 4, 2.67 0. 46
20 5 5 2.27 0. 30
25 4 5 2.69 1. 11
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Fig. 4 Post-fitting range and range rate residuals
(last 224 s, P=20)
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Tab. 4 Strategy of bias settings
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Tab. 6 Comparison between endpoint of the moon-landing

trajectory and computed location of the lander

[N RS ZR/C) HE/C) mER/m
NASA —19.5116 44.1214 —2 640
EREAsE B —19.510 2 44.1205 —2636.6
% H A5 —19.504 5 44.1196 —2619.5
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